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ABSTRACT

In February 1993 the Defense Information Systems Agency/Center for Informa-
tion Management (DISA/CIM) sponsored a Software Reuse Metrics Workshop.
The primary goal of these meetings was to develop a set of questions that would
indicate what measurements should be collected in support of the DISA/CIM
Software Reuse Program. The results of this workshop are published in the DIS-
A/CIM Software Reuse Program Reuse Metrics Workshop Proceedings, 23-24
February 1993 [DISA93].

These proceedings indicate that DISA/CIM's Software Reuse Metrics Plan will
be used as a foundation for developing a DoD Software Reuse Metrics Plan. The
DISA/CIM plan serves as a major input into the DoD-wide plan, and DIS-
A/CIM will be conducting pilLh prototypes of their recommendations.

The CARDS (Central Archive for Reusable Defense Software) metrics effortse-
hould also provide valuable information that can be feed into the DoD-wide
Software Reuse Metrics Plan. As stated in the DoD Software Vision and Strat-
egy Document, the DoD must establish a baseline upon which to gauge success
and measure improvement that serve as a basis for comparison among alterna-
tive approaches.

Therefore, the CARDS metrics effort is two-fold: (1) use metrics within the
CARDS Program to measure and improve processes, products, and services and
(2) monitor and provide poisible contributions to the DoD Software Reuse Met-
rics Plan. The Metrics Concept Report focuses mostly on metrics within
CARDS. As experience is gained within the CARDS Program, more effort will
be focused towards the development of input for the DoD Software Reuse Met-
rics Plan. However, decisions will be made in support of the larger DoD-wide
perspective.
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Metrics Concepts Report

1 Purpose and Intended Audience of the Metrics
Concepts Report

This document provides a framework for defining and Implementing a measurement process for the
CARDS Program, its processes, products, and services.

The intended audience of this document is the CARDS Program Manager, System Architect, Franchise
Coordinatm, Project Leads, and all other CARDS team members. Readers outside the CARDS organi-
zation should be familiar with the CARDS Program, Its terminology and organization. Suggested read-
ings are listed in the reference section.

1.1 Structure of this Document

The Introduction Section describes how metrics flow within the CARDS Program, outlines the goals of
the CARDS measurement process, and briefly describes Victor BasWi's Goal/Question/Metric (GQM)
paradigm.

The CARDS Environment Section focuses on th challenges produced by the CARDS environment: the
organizational structure, the CARDS Program, the implementation of franchises, and the readiness of
the CARDS organization for metrics.

The Measurement Process Section describes a six-step process and a matrix framework that will be
used to relate metrics back to their originating questions, Issues, and/or goals.

The Metrics Definition Phase Section explains the first three steps of the six-step process: defining
goals, defining processes, and defining metric questions and metrics.

The Metrics Implementation Phase Section describes the last three steps of the six-step process: collect-
ing the metrics, analyzing the metrics, and acting on the results of the analysis.

The Added Value through Automation Section describes a database tool to document the metrics and
facilitate analysis.

1.2 Relationship to Other CARDS Documents
The measurement process will first be applied to the CARDS Command Center Library (CCL) and doc-
umented in a Metrics Plan. Lessons learned will be used to refine the measurement process before pos-
sibly expanding it to other CARDS project areas (domain engineering, franchise implementation,
franchise concepts, training, and reuse coordination).

All metrics definition, collection, analysis, and presentation procedures re.ated will be documented in
the CARDS Library Operation Policies and Procedures Manual (LOPP).

Page I
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2 Introduction
A metric is a characteristic (such as lines of code. number of defects, or defects/lines of code) of a pro-
cess, service, or product. Metrics are useful for indicating where a process, service, or product can be
improved, or when a goal has been met. The definition, collection, and analysis of metrics is a cyclical
process. Lessons learned from metrics information can lead to modifications in the CARDS Program
and project goals, which may result in refinement of the processes. For a measurement process to pro-
vide benefits to a project, the definition, collection, and analysis of metrics must be guided by carefully
identifying appropriate goals.

The metrics addressed in this Metrics Concept Report are closely algned with the principles of Total
Quality Management (TQM) and Continuous Process Improvement. This chapter describes the flow of
metrics information within CARDS, lists the measurement goals for CARDS, and briefly describes the
GQM paradigm as defined by Victor Basili for systematically eliciting metrics [24].

2.1 Metrics flow in the CARDS Progrnm

For a measurement process to be effective, it needs to be an integral part of the decision-making process
within the CARDS Program. Figure 2-1depicts the interaction and flow of metrics within the CARDS
Program.

On the left hand side of the figure, a generalized representation of CARDS is shown. Starting at the top
left, the Customer Goals provide context for the development of the CARDS Program Goals. Customer
Goals are stated in the DoD Software Reuse Vision and Strategy [8], by ENS, and in the HAC Operating
Goals and Principles [9]. These goals in turn direct the CARDS team in the development and execution
of the activities or processes that constitute the existence of CARDS. The processes ultimately result in
CARDS products and services for CARDS users.

The metrics flow is shown on the right hand side Cl the figure.

1. Metrics definition draws on the CARDS Program Goals, the processes Implemented by the CARDS
team, and the products and services offered to CARDS users.

2. The metrics definition determines the collection, analysis, and presentation of metrics data.

3. Analysis and presentation of the metrics data will determine what findings are to be implemented.
The metrics findings and the changes implemented may result in providing input for changes into
Customer Goals as they apply to reuse metrics, CARDS Program Goals, processes and/or produrts,
and/or the metrics definition.

Pape 2
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Figure 2-1. Interaction of Metrics within CARDS

2.2 CARDS Program.Wide Metrics Goals

' For a measurement process to be successful, it must be guided by well-defined goals. The metrics goals
for the CARDS Program are to:

1. Monitor the productivity and/or quality of a process, product, and/or service by:

a. determining trends CARDS is interested in;

b. identifying what CARDS has implemented or intends to implement for productivity improvements
(such as tool usage and process impovement;

c. validating acceptcd policies and procedures or indicate areas to chaa~ge; and

d. determining root causes for defects.

2. Provide visibility into projects for Program Management by:

a. projecting the impact of resource allocation and realdlocation;

b. tracking the effect of even~ts on processes and products', and
c. maintaining an ongoing prof-Ie/summary of CARDS activities.

Page 3
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3. Generate pre-entable quality metrics to promote CARDS within the DoD and other Goverrment

agencie,, as well as within industry.

2.3 Goal/Question/Metric Paradigm

The GQM paradigm provides a basis for defining and evaluating a set of operational goals using mea-
surement. This paradigm can be applied to each goal, process, product, and service offered by CARDS.

The QM paradigm defined by Victor Basil [241 uses a top-down approach to Identifying and inter-
preting metric=. To implement this model an organization should:

* specify the goals for itself and its projects;

* trace goals to the data needed to quantify these goals operationally; and

* provide a framework for analyzing the data in the context of the goals.

As shown in Figure 2-2, the flow from the goals to the metrics in the GQM paradigm can be viewed as
a directed graph. The flow Is from the goal nodes, to the question nodes, to the metric nodes. Each goals
seneratcs a set of quantifiable questions. Each question, In turn, generates a set of metrics (mi. I=
1.2,,..n). The same questions can be used to define multiple goals, and several related metrics may be
needed to provide the answer to one question.

Goal I Goal 2 Goal 3

Qudit/on 1 Qeto 3 Questai= uc-ainr7*Qeto8

ml Question 2 m9Question 5 m6 Question 7 \no
MI ^ ým•2 •6 • m5

ml m2 m3 m4 m2 m3 m 1 6 m7

Example of Relationships between Goals, Questions, and Metrics

Figure 2-2. Goals, Questions, and Metrics
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3 CARDS Environment

The development and implementation of metrics for the CARDS Program is affected by the need for

DoD-wide metrics, the organizational structure of the CARDS team, the CARDS Program with its pro-
cesses, products, and services, and the establishment of franchises. This chapter describes the challeng-

es faced in thew environments and assesses the readiness of the CARDS team for implementing the

measurement process.

3.1 DoD.Wide Metrics

The DoD Software Reuse Initiative [9] states this principle for metrics:

"Measure Results in terms of customer sasaction. Customer success produces solid referrals, and
customer referrals are the strongest way to diffuse technology. Defining success in customer terms
will focus and integrate the activities of all SRI staff members".

The CARDS team should design surveys on user satisfaction that provide quantitative feedback on

CARDS products and services.

The DISA/JIEO/CIM Software Reuse Metrics Plan [7] also suggests several metrics that should be col-

lected by

"• the DoD Program/Project Manager on the products and services provided by CARDS. These metrics

should be fed to the CARDS Program; and

"* the CARDS Repository Manager on the CARDS Library System.

Use of these metrics will help provide more focused and effective services to users throughout the DoD.
measure the payoff from the reuse initiative, aid developers in the selection of reusable components, and
provide documented evidence for successful, frequent reuse.

3.2 Organizational Structure

The CARDS Program is composed of multiple contractors with personnel from different companies
working on the same tasks. Different management tools and techniques are used to collect and report

on data within each company. One example of this practice is the timesheet recording mechanism. At
the macro level each company charges to the eleven CARDS task areas, while at the micro level free-

dom is given for a finer breakdown in recording the actual work pedormed for each task. the layout of
the timesheets, the collection schedule, etc. For a measurement process to be successful, consistent
methods must be devised to compensate for these and other differences in data collection and reporting.

3.3 CARDS Program

3.3.1 CARDS Processes

The processes that create, refine, and transfer CARDS technology are being developed and implement-
ed simultaneously by the CARDS team. These processes are at various stages of stability. Some pro-
cesses are still being developed (such as the CARDS organization assessment process). while others
have reached stability (such as the Library Administration processes).

Page 5
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Metrics will be most effective once processes have become stable. Metrics collected in an unstructured
environment do not provide data that can be compared to either a standard or to another process in an-

other environment. Too many variables affect the data to make evaluation useful. Table I describes
when a process is deemed stable enough for metrics definition and collection to be effective.

Table 1: Process Metric Qualification

now being defined immature
not documentedI premature

documented, but changing qualifies

stable, repeatable, used, and documented qualifies

Processes that are being defined or that are undocumented (and thus difficult to repeat) are not qualified
for metrics definition. However. changing, documented processes are qualified because a baseline mea-
surement can be taken to establish a starting point for improvement. The improvements suggested will
themselves result In changes to process steps, These changes must be measured to ensure that any
change which Is implemented produces the desired improvament. and to measure the possible impact
of the change on other steps of the process. Stable, repeatable processes are also qualified for metrics
collection which will help ensure that the processes remain stable and efficient.

The metrics challenge for the CARDS team will be to evolve the measurement process as CARDS pro-

cesses mature, One-time activities such as the Initial learning curve, changing processes due to a change
in direction, or experimenting with process steps should be eliminated from metrics collection. They
should be separated from repeat activities, such as qualifying a component, installing a component in
the CARDS Library System, or providing training to a prospective franchise, which will be measured.

3.3.2 CARDS Products
Products provided by the CARDS Program are the CARDS Library System and its contents.The
CARDS Library System currently consists of three libraries: the Command Center Library (CCL), the
PRISM Distribution Library (PDL), and the CARDS Documemtation Library (CDL).

3.3.2.1 The CCL

The CARDS CCL consists of reusable components at multiple levels of abstraction, Including architec-
tures, requirements, subsystems, and individual components. Given the model-basid approach, the

CCL places as much emphasis on the complex relationships among components as it does on the quality
of the components themselves. One aspect of the CARDS CCL that can be used for metrics develop-
ment is the domain-specific software architecture, which serves as a basis for "qualifying" reusable
components for the library.

Metrics collected on CCL components should take into account the component's various implementa-
tions. Qualification criteria to determine if a component is "fit for use" should be established for each
domain. Certification criteria to recommend "best of class" should be established for selected compo-

Page 6
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nents. Quality factors (such as Reliability, Maintainability, Usability, Portability, Security, and Perfor-
mance), their priority, and their respective target values must be established so components can be
evaluated and compared objective!y. The metrics challenge for the CARDS team will be to define and
coilect metrics during and after the development/evaluation of these components to determine how
closely a particular component meets its expected target. Metrics should also be collected from CCL

users as individual components are extracted and used, to identify user preferences, needs, and wants.

This data can be used to tailor the contents of the CCL. Metrics collected on the "infrastructure" of the

CCL (the semantic network and the RLF browser) will be useful when planning for Improvements to
the user Interface and the speed of tool response.

3.3.2.2 The PDL and CDL

The PDL contains PRISM docunents such as quarterly demonstration reports and software develop-
ment plans and will shortly also contain wrappers (intatface software). The CDL will contain all
CARDS reusable documentation components such as the Library Development Handbook and the
LOPP. Quality factors for these products should be established so measurement can help to determine
their Usability and Reliability.

3.3.3 CARDS Services
CARDS services exist within two categories: services targeted at franchises and services targeted a spe-
cific user, as well as services provided to "spread the word" about reuse technology gained by CARDS.
Examples of services provided to franchises and users are organization analysis, Hotline support, and
training seminars. Examples of services provided to "spread the word" are writing, submitting, and pre-

senting papers, working with universities, doing demos, and attending trade shows.

The metrics challenge for the CARDS team will be to construct user surveys that provide quantitative
feedback on CARDS products and services. These surveys allow the team to compare user expectations
with user satisfaction to gauge the overall effectiveness of the services provided by CARDS,

Services provided to "spread the word" will help generate interest in reuse technology and thus result
(hopefully) in more franchises, users, and students who are familiar with reuse technology. Many of

these benefits are long term, and some are impossible to ascertain (what metric value to attribute to
"word-of-mouth" advertising resulting in a new franchise for example.) Due to the expected difficulty
of collecting quantfiable benefits on these activities, it is recommended not to measure these latter ser-
vices.

3.4 Franchise Implementation

To fNlfill the mission of technology transfer, the CARDS Program is establishing franchises with fed-
eral agencies to facilitate the infusion of technology developed by the CARDS team and other reuse re.,
searchers. The CARDS team is defining concepts, strategies, and plans (such as the reuse adoption
handbook and/or the franchise plan [11]) essential to supporting reuse via franchising.

Franchises will provide CARDS with knowledge about their reuse experience. This knowledge can be
provided into CARDS processes, an/or additional domain expertise in the form of new components. The
metrics challenge for the CARDS earm will be to define and collect metrics from each franchise to de-
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terraine the benefit of reuse adoption. The team should also measure the improvements resulting from
process feedback, measure the cost to CARDS associated with defining the concepts, strategies, and
plans, and provide a method to CARDS Program Management that helps allocate the cost metrics to

each franchise.

Franchise organizations will also look to CARDS for guidance on defining metrics for their own prod-
ucts, processes, and services to determine their own cost/benefit ratio for implementing a reuse technol-
ogy. Metrics should be defined that help prospective franchises determine the start-up costs of building
a reuse library.

3.5 Assessing the CARDS Measurement Process

To assess the readiness of the CARDS team for a measurement process, the framework to evaluate a
measurement process proposed by Jeffery & Berry (101 can be used. The framework evaluates the con-
text in which a measurement process is developed and operated, the process used to develop, imple-
ment, and maintain the measurement process, and the product produced by the measurement process,
such as the reports produced. This framework could be used repeatedly to determine quantitatively how
the use of metrics at CARDS is improving. The evaluation questions and comments are shown in tables
1, 2, and 3 In Appendix A.

Preliminary investigations using Jeffery's framework produced these observations:

" The environment in which the CARDS measurement process is being developed and operated is con-

stantly changing. The CARDS team Is working to establish stable goals and objectives, and to doc-
ument processes. Some metrics are currently being collected in the Library Operations project area.
As CARDS moves towards "proof-of-concept" other project areas will also be stabilizing their pro-
cesses. The metrics analysts must be involved with the process definition to ensure that process
steps do not hinder the metrics collection.

" The metrics themselves do not currently proviarv clear benefits to management. Metrics collected in

the Library Operations project area must be reevaluated to determine why specific metrics are being
collected. The next chapter outlines a set of matrices that help trace goals to metrics. Lessons
learned during the definition and collection of metrics for Library Operations should be applied to

the development and implementation of metrics in other project areas,

" Automation of the methods used to define, analyze, report, and maintain CARDS metrics is needed.

Manual data collection and evaluation is labor intensive, time consuming, and error prone. Tools to
automatically collect product data and generate a metrics database are needed for the long term suc-
cess of the measurement process. While Library Operation has developed scripts to help collect
some of the data, a concentrated effort is needed to evaluate and recommend a tool and database for
the CARDS measurement process.

Page 8
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4 The Measurement Process

The measurement process is a dynamic method of measuring, assessing, and adjusting products, pro-
cesses, and services using objective data. Metrics are collected on a known or anticipated issue, concern,
or question. Metrics are analyzed with respect to the characteristics of the product, process, or service
and are used in turn to assess their respective progress, quality, and performance throughout develop-
ment.

This chapter outlines a six-step process to identify CARDS Program goals, processes, associated metric
questions, and metrics; and to collect, analyze, and act on the results of the metrics. This chapter also
describes a set of matrices within the measurement process.

4.1 Process Overview

The measurement process is dependent on CARDS goals, processes, products, and services that are to
be measured. Improving processes, products and/or services requires continual evaluation of past expe-
riences, repeated evaluation, and refinement of the processes used to produce the products and/or ser-
vices.

The six-step process for defining and Implementing metrics is illustrated in Figure 4-1. This measure-
ment process is based on Industry experience and has been tailored to the CARDS Program.

Metrics Definition Phase:

Step 1: Define and prioritize program and project goals

Step 2: Define, refine, and document processes

Step 3: Define and refine metrics questions and metrics

Metrics Implementation Phase:

Step 4: Collect the metrics

Step 5: Analyze the metrics data

Step 6: Act on results of the analysis

Figure 4-1. The Measurement Process

The measmement process is divided Into the Metrics Definition Phase (defining goals, processes, and
metrics) and the Metrics Implementation Phase (collecting, analyzing, and acting on metrics results).
The Metrics Definition Phase is detailed In chapter five. The Metrics Implementation Phase Is detailed
in chapter six. The arrows in Figure 4-1 show bow the measurement process Is cyclical. Acting on the
results of the analysis In Step six may mean refining definitions from Steps one, two and/or three.
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4.2 The Matrix Framework

A set of goal, process, and metric matrices wern constructed as a framework for documenting and di-
recting the Metrics Definition Phase. These matrices are illustrated in Figure 4-2.

4.2.1 The Goal Matrices
Goals provide the foundation for the measurement process and are critical to its success. Incorrectly
identifying the CARDS Program and/or subsequent project goals can produce disastrous effects on
overall Program success.

Each goal is stated from a particular viewpoint. The viewpoint is a general term used to represent the
interests of individuals involved with the CARDS Libary System (i.e., CARDS team members, Project
Leads, DoD customer, Program Manager, System Architect). The same metric could be interpreted dif-
ferently, depending on whose viewpoint is being used. For example, Library Operations may need to
know on a daily basis how the hardware Is performing to make adjustments, while management may
only need to know on a monthly basis whether the hardware continues to be adequate. The metrics that
will be collected should be designed to answer concerns from each of these viewpoints.

Step one of the six-step process defines the goal matrices. Each goal matrix shows the relationship be-
tween two sets of goals (Customer Goals and CARDS Program Goals, CARDS Program Goals and
Project Goals, and Project Goals and User Goals). The matrix Customer Goals/CARDS Goals lists all
DoD Reuse Directives on the vertical axis and all CARDS Program Goals on the horizontal axis, The
intersection of each DoD Directive and CARDS Program Goal shows what CARDS Program Goal sup.
ports which DoD Directive. More than one CARDS Program Goal may map to a DoD Directive and
vice versa. For the purpose of metrics definition only those supporting goals that map to an individual
goal are carried over to the next matrix.

CARDS Program Goals are carried over to the CARDS Goals/Project Goals matrix and are listed on the
X-axis. (Note that this may represent a subset of the originally defined goals.) The intersection of the
program and project goals shows what project goals support which CARDS Program Goals. More than
one project goal may map to a CARDS Program Goal and vice versa.

Project Goals are then carried forward to the Project Goals/User Goals matrix, which shows what User
Goal maps to a particular Project Goal. The Intersection of Project Goal/User Goal lists the products and
services that are provided. It Is these products and services that are carried forward to the metrics ma-
trices.

The coment of the goal matrices is assumed to be somewhat stable. Program and project goals, once
defined, are not expected to change drastlcally during the year. The effort to define these three matrices
is expected to be a one-time effort with a yearly review for validation.
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CARDS Goad r etGas User Goals

Ixs

Goals, Processes,
Products, and Services
from the above matrices
are carried forward to
the Metric Matrices.

Metric Question Metric

Figure 4-2. The Metrics Definition Framework
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4.2.2 The Process Matrices

Measuring process steps is a very important part of the CARDS measurement process1. Improving a
process for the purpose of defect reduction or to eliminate non-value-added steps will directly result In
product and service upgrades as well as cost and schedule improvements. TQM activities are focused
on process improvements where the owners (or users) of a process are responsible for improving it. For
example, domain engineers own the domain engineering process and are responsible for continually im-
proving It based on metric findings. The same focus on the prouess is noticeable in SEI's Capability
Maturity Model [3] where the primary objective is to achieve a controlled and measured process as the
foundation for continuous improvement.

The processes associated with defining, managing, implementing, and achieving each goal are listed in
the process matrices, The goals from the goal matrices are cartied forward to the process matrices which
shows the relationship between processes and goals (Customer Goals and DoD Processes, CARDS Pro-
gram Goals and CARDS Program Processes, and Project Goals and Project Processes), For instance,
individual Customer Goals are listed on the vertical axis and supporting DoD Processes are listed on the
horizontal axis. The intersection ("X") shows which procss is used to implement a goal.

Step two of the six-step process defines the processes, DoD processes (such as contractual processes,
procurement processes, or oversight processes) and user processes are outside the scope of the Metrics
Concept Report. Only CARDS Program processes (such as processes for contract management, Tech-
nical Interchange Meetings (TIM), CARDS Configuration Control Board (CCCB) meetings, informa-
tion dissemination, system growth management) and project processes (such as the domain engineering
process, the Ubrary release process, accounting processes) will be measured for process feedback,

The content of these matrices is assumed to be somewhat stable. Program and project processes, once
defined, are not expected to change drastically during the year. However, process changes due to pro-
cess Improvements are expected. The effort to define these three matrices is expected to be a one-time
effort with a yearly review for validation,

4.2.3 The Metric Matrices

Two more matrices are needed to complete the Metrics Definition Framework: the Goal/Product/Pro-
cess/Service/Metric Question matrix, and the Metric Question/Metric matrix. The goals, processes,
products, and services from the goal and process matrices are carried forward to the metric matrices.
The metric matrices show the relationship between the goal, product, process, and/or services and the
metric questions that can be asked on them and the metrics that must be collected to provide the answers,

,As can be imagined, there are many ways to achieve a result, only one of which is the desired or preferred one. For example,
if the desired result is "25 new componena in the Library", this could be achieved by (a) following a quality selection pro-
cess, (b) tating the first 25 componenis to evaluate, (c) taking the 25 easIeat components to evaluate, (d) dropping in any 25
components, and so on. Either process gives the result of "25 new components", but only one results in 25 quality compo-
nents. Unless the process used to achieve the result is measured (i.e., made visible), management will never know. This is
why it is so important to focus on the process. It also illustrateas why It is fatal to a quality improvement program to measure
people only by results.
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The metric matrices are created in Step throe of the six-step process. The Goal/Product/Process/Ser-
vice/Mctric Questions matrix shows what metric questions are asked. The Metric Question/Metric ma-
trix shows what metrics are used to answer each metric question.

These two matrices are seen as evolving as the project matures, priorities chdng, and experience is

gained with the measurement process. They need to be updated regularly.

4.2.3.1 Defining Metrics

Metrics can be broken into two categories: Result metrics and Contributor metrics, Result metrics ("Ef-
fects") are those management-oriented metrics by which the CARDS Program and/or a project area will
be Judged. Result metrics help determine if a goal Is successfully achieved. For example, if the goal Is
to "significantly incease the contents of the Library as measured by # of components modelled", the
result metric is V# of components installed". More than one result metric may exist for each goal or ob-
jective. To assist with manageability, it is important to identify the few significant nmetrics for each goal,

Contributor metrics are the technically oriented factors ("Causes") that influence Judging. If the result
metric Is "# of components installed", contributing to this are various processes (such as searching for
components to evaluate, evaluating components, formatting components in SOML) that must be under-
taken to achieve the desired result. Each contributing process, in turn, is measured by its outcome (con-
tributor metric, such as "# of components evaluated", "# of evaluation criteria to pass", "days to format
in SGML"). There can be many contributing processes and metrics for each result metric.

Refinement is possible where the contributor metric becomes the result metric and smaller processes
contribute to It. The relationship between result and contributor metrics can be documented in a Cause-
and-Effect diagram (also known as Ishikawa diagram, or Fishbone diagram) as shown in Figure 4-3.The
"Effects" are represented on the horizontal axis on the right side of the chart, and the "Causes" on the
diagonal lines are listed on the left

Contributors (a.e)

Figure 4-3. Cause and Effect Diagram
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Once all matriceus have been constructed they show how metric questions and metrics relate to the
goal(s), products, processes, and services they support. Questions on goals, product and service quality
can be asked at any level (the Result Metrics). Questions related to the processes (Le., the contributing
factors) used to achieve the goals, or to provide these products and services can be asked at the CARDS
Program and project levels. Prograrm and project goals flow downward to support Lhe metrics, and data
flows back to the originating question, issue, or concern. Maintaining goals using this framework makes
it easy to add new metrics and metric questions. New goals can be added with Immediate knowledge on
the impact of the metrics definition.
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5 The Metrics Definition Phase

Basili's GQM paradigm will be used during the Metrics Definition Phase. DoD. CARDS Program, and
project goals and their associated processes are defined in tL- first three sets of matrices and carried for-
ward to the last two matrices where metric questions and metrics are defined. A Metrics Definition Da-
tabase to hold the information gathered is shown in chapter seven.

For each step in the six-step process, the Purpose of the step is listed, the Participants required for ex-

ecuting the process are identified, the Input, or preparation, necessary to execute each step's process is

discussed, the Process to implement the step Is addressed, and the Output from each step is presenteu.

5.1 Step 1: Define and Prioritize CARDS Program and Project Goals

5.1.1 Purpose
The purpose of this step is to define the context and foundation for the metrics to be collected. This step

is critical to the success of the measurement process. The DoD vision, CARDS Program Goals, and as-

sociated goals for domain engineering, library operations, franchise implementation, franchise con-
cepts, training, and reuse coordination, must be defined and prioritized. Users, customers, staff, and
management have different needs and viewpoints which must be identified to isolate relevant experi-
ences with the processes and on other projects.

5.1.2 Participants
The working group should be comprised of the Program Manager, the System Architect, Project Leads,
the metrics analysts, and other CARDS team members as needed. Participants in the working group
should be knowledgeable about the goals, products, and/or services to be measured.

5.1.3 Input
Input into Step one is any existing documentation on current goals, products, and services.

5.1.4 Process

The task of defining the goals and identifying viewpoints will be accomplished throughout a series of

interviews and brainstorming sessions with CARDS team members. Several substeps are required to ex-
tract and/or define the goals. Separate sessions will be held for each of these focus areas:

"• extract the Customer Goals;

"* define the CARDS Program Goals;

"• define the Project Goals. (Note: When desirable these goals can be refined to task level goal q before
metric questions and metrics will be defined);

"• define the services and products provided by each project area; and

" define the User Goals. The start-up nature of this project makes it difficult to determine user goals.

A suggestion is to derive user goals from the products and services provided by each project area.
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The objectives of these brainstorming sessions are to:

* document Customer Goals as they apply to the CARDS Program;

• define and prioritize CARDS Program and project area goals;

• define the sarvices and products provided by the project; and

, identify user goals.

Transition Technical Interchange Meetings (FIMs) will follow each brainstorming session to:

"• validate the goals;

"• update the next project team that will work on the next focus area on work ailready done; and

"* educate CARDS tvam members who are not directly involved on progress made.

Several Iterations of Interviews, brainstorming sessions, and TIMs may be necessary to completely de-
fine each matrix.

5.1.5 Output
Goals will be documented In three matrices:

"* Customer Goals/CARDS Goals: what CARDS Program Goals support the Customer Goals;

"* CARDS Goals/Project Goals: what Project Goals support the CARDS Program Goats; and

"• Project Goals/User Goals: what User Goals are supported by what Project Goals. Listed at the later-
section are the products/services provided by the project area.

The matrix Customer Goals/CARDS Goals will list all program goals for the CARDS Program. There
may not necessarily be a one-to-one correlation between DoD and CARDS Goals, or CARDS Goals
and project goals. To keep the process manageable, the CARDS Goals/k roject Goals matrix may actu-
ally be a set of matrices -- one for each of the CARDS project aieas. Subse luetnt matrices will separately
address metric questions and metrics for each CARDS project area. Note that the Metrics definition Da-
tabase detailed in chapter seven would help significantly with the manageability of th•s effort.

5.2 Step 2: Define / Refine / Document the Processes

5.2.1 Purpose
The purpose of this step Is to define and document the processes Implemented in the CARDS Program
or a project area. If the processes to be measured are already documented or if a product quality is being
measured tis step may be omitted. It is strongly recommended to measure processes, because only a
change In process steps will result in a change in product and/or service quality.

All processes should be documented in as much detail as possible, whether or not metrics are collected.
Basic process documentation is necessary for education or technology transfer. The level of detail to be
documented for each process for metrics collection will depend on the detailed questions that may be
asked about the process. However, documenting a process is a major effort and must not be underesti-
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mated. Initially, metrics may rnly be collected at a veny high level to gain baseline information thus al-
leviating the time consuming details of the documentation process.

5.2.2 Participants
The working group should be comprised of Project Leads, the metrics analysts, and other appropriate
CARDS team members. Participants in the working group should be knowledgeabie ahout the goals,
processes, products, and/or services to be measured and be aware of the results of the measurement pro-
cess so far. Members of the working group should also be familiar with basic process documentation
techniques.

5.2.3 Input
Input Into Step two Is:

- the last two matrices defined in Step one (i.e., the CARDS Goals/Project Goals and Project Goals/Us-
er Goals);

* a list of processes selected by Program Management and Project Leads that are to be measured; and

* any existing documentation on those processes.

5.2.4 Process
Members of the working group will Initially select the best documentation method (such as SADT,
IDEF, or flowcharting) to be used for all processes to be defined. Use of the same methodology wll
promote consisteacy in understanding each others work and conveying correct information among the
participants. This transfer of knowledge becomes critical during Step four (collecting metrics) of the
measurement process.

Several working sessions will be required to document and review the processes. The objective of these
working sessions is to document the processes.

A transition TIM will be held following this definition to educate the CARDS team and update the
project team that will work on the next step. Follow-on working sessions to further refine the processes
may be needed.

5.2.5 Output

The outcome of this effort is:

" two matrices (the CARDS Goals/CARDS Process and Project Goals/Project Process) showing which
processes are used to define, manage, 'mplemeut, and achieve each goal; and

"* the documented processes themselves.

Due to the expected volume of process documentation, an in"'-,idual may be to help maintain
this documentation.
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5.3 Step 3: Define / Refine Metric Questions and Metrics

5.3.1 Purpose
The purpose of this step is to define the metric questions and their metrics, select the tools and tech-
niques to be used to collect the metrics, set the standards of performance against which actual results
will be compared, and define the reports and procedures for reporting actual results.

5.3.2 Participants
This working group should be chaired by the metrics analysts with members stected by the correspond-
ing Project Leads. Participants of the working group should be knowledgeable about the goals, process-
es, products, and/or services to be measured and be aware of the results produced by the measurement
prccess thus far.

5.3.3 Input
Input into Step three is:

"* the previously defined matrices and processes; and

"* existing metric questions and metrics.

5.3.4 Process
Several sesions will be required to define metric questions, metrics, collection methods, and reports for
each goal, process, product, or service. The objectives of the working group are to:

"* develop a set of metrics questions; and

"* develop a list of key metrics to be collected.

For each metric that is to be collected, the working group will determine:

"* assumptioas, constraints, and other knowledge about the metric;

"• the metric collection method (user feedbfzk, system generated, from a log book);

"• the metric's reliability, correctness, and validity;

"* who will be responsible for collecting the metric);

"• the standard against which the metric will be compared;

"• how often the metric is to be collected and presented; and

"• the format that will be used (i.e., report, graph, or list) to collect and present the metric.

A transition TIM will be held following this definition to educate the CARDS team and update the
project team. Follow-on working sessions to further refine: the mctric questions and metrics may be
needed.

Page 18



STARS-VC-BO19/004/00 31 March 1994

5.3.5 Output

The outcome of this effort will be two sets of work products:

(1) two more matrices:

• Goal/ Product/ Pro /ervice//Metric Questions: which metric questions must be answered
for which goa'process/service/product; and

• Metric Questions/Metric: what metrics support what metri question(s).

(2) a Metric Worksheet as shown in Figure 5-1 that shows for each metric:

* the goal the metrc is tied to;

* the metric name and Its measuring unit;

& the data source of the metric;

* the data collection method;

0 the collection schodule;

0 the responsible party to collect the metric;

a any assumptions and constraints known about the metrc;

* the recommended standard for this metric,

* the justificatoou for the standard; and

• any Program Management comments.
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Goal / Objective:

Metric jMetric Unit Data Source Collection Method Collection Schiedule Resp. Party

Assumptions. Constraints, and Otlw Knowledge about Metric:

-Recommended Standard:

Justification for Standard:

Program Management Comments:

Figure 5-1. Metric Worksheet
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6 The Metrics Implementation Phase

Steps four through six make up the Metrics Implementation Phase. Automated data collection reduces
the overhead on the CARDS team members charged with collecting the data. It needs to be determined
what data Is already collected by a "tool" currently used (sb ' as OS commands executed, terminal ID,

date and time, amount of CPU time, etc.) and what data is r,.,rded manually.

A separate effort, prioritized against other work, needs to be undertaken to determine what tools will be
needed to automate the data collection, data submission, data storage, data analysis, and report func-
tions, Tools such as Amadeus [ 16] to collect metrics data, and statistical analysis and presentation pack-
ages will be analyzed to assist in the automation effort. The effort required to automate these activities
and manage the database needs to be justified by the effort required currently to manually collect, ana-
lyze, and present the data.

6.1 Step 4: Collect the Metrics

6.1.1 Purpose

The purpose of this step is to collect metrics to uncover, document, compile, and rank problems. Metrics
help answer questions on current status, shortcomings, and future plans1.

6.1.2 Participants
CARDS project team members executing the work processes in their day-to-day work will collect the
metrics. Team members should be aware of all results produced thur far by the measurement process.

6.1.3 Input
Input into Step four is

"• the Metric Question/Metrics matrix, and

"* the Metric Worksheets developed in Step three.

If tools exist to automate data collection they must be implemented.

6.1.4 Process

CARDS team members will execute the work process, following the process steps documented In Step
two. Process and product data will be collected as part of the day-to-day work activities. Data from the
user should also be collected. The frequency of data collection, the collection method, and the respon-
sible party to collect each metric are indicatzd on the Metric Worksheets for each meutic. Some of the
data collected can be used to provide real-time feedback to the project organization and tho metrics an-
alysts, for immediate process control. Care must be taken to ensure that data is not manipulated and that

. Note that metrics will show the symptoms experienced by the user of a process ov product/service,
not a problem itself. For example, if a metric shows ten defects unctweled during testing, the problem
is not that them ame ten defects. The problem is most likei, u the process used to produce the soft-
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consistency is maintained across the many sources of data. Given the expense of coliecting data only
data with a defined use should be collected.

6.1.5 Output
The output of this effort will be raw metrics data, stored on-line or on data sheets.

6.2 Step 5: Analyze the Metrics Data

6.2.1 Purpose
The purpose of this step Is to identify the problems, rank them in some agreed-upon order, identify the
root cause(s) of the problem(s), and suggest possible solutions.

6.2.2 Participants
The working group should be comprised of the CARDS Project Leads, the mettics analysts, and other
CARDS team members. Participants of the working group should be knowledgeable about the process-
es. products, and/or services to be analyzed.

6.2.3 Input
Input into Stop five is:

o the metrics collected in the previous stop;

* all matrices developed in the Metrics Definition Phase; and

* the relevant Metric Worksheets.

6.2.4 Process

Various Quality Control (QC) techniques can be used to help Identify and rank the major problems:
Pareto charts, cause and effect diagrams, scatter plots, check shoets, pie charts, histograms, graphs, an-
d/or control charts. The team will decide which technique best suits Its needs. Various criteria. such as
severity, frequency, and/or cost can be used to determine the priority with which problems should be
addressed. The team must also identify the root cause(s) of the problem(s) by Identifying all process
components related to creating the problem1.This is where analysis of the metrics within the context in
which they were collected will yield valuable information for process Improvements. Related program
Issues and risks, corrective action plans, standards, trainlng/skills, and procedures could all be related
to the problem. Finally, the working group must Idantify and suggest possible solutions and the best way
to implement change.

. Identifying and ranking the problem Is product/service related. Jdendtfying the root cause and suggsaling a pos-
sible iolutidn is proces related.
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6.2.5 Output

Output from this step will be the various QC charts, as well as suggestions for process improvements.
Regular Program Management Reviews (PMRs) for CARDS will provide visibility for this effort.

6.3 Step 6: Act on Results

6.3.1 Purpose
The purpose of this step is to gain management approval to Implement the identified change', to take
possible short-term action, and to implement long-term solutions In process improvements.

6.3.2 Participants

This group should be comprised of the Program Manager, the System Architect, and Project Leads.

6.3.3 Input
Input into Step six is the analysis work done in Step five.

6.3.4 Process
CARDS Program Management must make It a priority to actively address issues revealed by metrics.
The Program Manager will approve recommended process changes betbre they are implemented. Im-

plementing the solution can be broken into short term and long terms activities. Since process improve-
ments may take several weeks or months to complete, the team should Implement any action items that
can be accomplshed in the short term (such as inserting a warning message, installing a workaround).
Any process changes must be verified to ensure that the desired result is Indeed achieved. This may
mean cycling back to Step four, "Collect metrics" and comparing the new results with the old ones.

6.3.5 Output

Process changes must be documented as outlined in Step two. Reuse experience and lessons learned
through metrics collection will be added to each CARDS project area. Charts depicting product growth
over time and associated confidence levels will be maintained.

b The criteria used to approve a solution must be stated to the team bl4ore work is done on problem analysis and
a solution is suggested. Disagreuing with a solution at this step because the wromg evaluation criteria were used
means the team has to go back to Step five. This wastes time. To say nothin& of the frustration to the team.
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7 Added Value Through Automation

A relational database can be developed to help the metrics definition process. An application with views
into the database can be developed that steps through the process of defining the goal, process, and met-
ric matrices.

The design of the Metrics Definition Database is depicted in Figure 7-1. Goals, processes, services and
products, as well as the associated metric questions and metric definitions are stored in the database.
The metrics analyst can thus easily compare new Items to those already defined in the system. Changes
to the definition of any part of the system can be traced to all affected parts through links defined in the
relational database.

If an automated metrics collection tool such as Amadeus is used, and links between the conlection tool
and the metrics definition database are possible, then the Metrics Definition Database could be used to
drive an automated collection if metrics data. Statistical analysis packages to help with the data evalu-
ation, and presentation packages should also be evaluaWtd for automation. This will be further addressed
In each project area's Metrics Plan.

"7.1 The Metrics Defnnition Database
Goals are defined in "0" tables. The Customer Goals are stored in the Glx table, the CARDS Program
Goals are stored in the G2x table, ond the DoD/Cards Program Goals matrix is stored as the Glx-G2x
table. Each record in the GIx-02x table corresponds to one element in the matrix. CARDS Project
Goals are stored In the 03x table, and the relationship between the Program and project goals is stored
In the 02x.03x table. This corresponds to the second matrix "CARDS Program/Project Goals." User
Goals are stored in the G4x table and the relationship between user goals and project goals is stored in
the G3x-G4x-S4x table. This table corresponds to the third matrix "Project Goals/User Goals," the In-
tersection of which lists the products/services provided.

Processes are defined In "P" tables. The P2x table contains the processes used at the CARDS Program
level and the G2x-P2x table corresponds to the CARDS Program process matrix which lists the process-
es used to support the CARDS Program goals. The P3x table contains the CARDS Project processes,
and the 03x-P3x table corresponds to the CARDS Project process matrix which lists the project pro-
cesses needed to support the project goals.

Metric questions and metrics are defined In the "Q" and "M" tables respectively. The Metric Question
table contains the questions derived from the goal, process, or product/service statements. The Mx table
contains the metrics definitions and the source of each metric, the frequency of collection, the respon-
sible party, and other information from the Metric Worksbeet.
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8 Conclusion

It is the overall measurement process not Just the graphs and reports that adds valueW the data. The six-
step process outlined in this document is Integral to the CARDS Program and shows how the knowledge
about the data, the goals the data is tied to, and the viewpoints affected are all necessary to understand
what the data means and how it is to be used. As the measurement process is being implemented, lessons
learned from it will be used to further refine it. This requires active management commitment and sup-
port, To successfully implement the measurement process, it is necessary to:

"* know what the goals Ae. They drive the measurement process and the CARDS Program;

"* identify the key metrics by which the CARDS Program will be evaluated;

"• apply the discipline to follow documented process steps. If steps are skipped, the process becomes
unknown and its data will be useless;

"• collect metrics on CARDS processes to help make these processes visible and thus become a candi-
date for process improvement. Process improvements will result in product and service Improve-
ments, as well as cost and schedule improvements; and

"• automate as much as possible the definition, collection, analysis and reporting of the metrics.

As CARDS processes continue to mature the challenges faced by the CARDS team Include evolving
the measurement process and devising methods that compensate for differences in data collection and
reporting among the eleven companies comprising the CARDS team. 'the CARDS team Is also faced
with conceiving new and creative ways of measuring the level of user satisfaction with the CARDS Li-
brary System.

The effort needed to define the goals and processes is significant and can easily span a year or more. In
the meantime, baseline measures can be taken in some project areas (such as in Library Operations) to
gain an understanding of where process improvements arm possible. A phased implementation to gain
experience with the measurement process is also recommended.

8.1 Next Steps
The first CARDS Project Area to benefit from the six-step measurement process will be the CARDS
Library System. Metrics are already collected in isolated areas, such as in Library Administration. The
six-step process will take advantage of already existing metics and build from there. Given the time
schedule (Phase III will be completed the end of March 1994), only a subset of metrics will be collected.
Due to the expected effort and time required to define the goal and process matrices, the initial effort
will focus on key issues that have already been identified, such as the Library release process, SCR/STR
metrics, graphical presentation of metrics, and automation needs. Parallel to this activity, high-level
goals will be extracted and defined. Matrices will thus be filled In from the top and the bottom. Once
work has been documented in this fashion, additional goals and metrics can be defined.

Page 26
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Appendix A A Framework to evaluate a Metric
Program's Success

The table below lists the assessment criteria that can be used to evaluate the metrics program at CARDS.
These questions can be used to periodically evaluate the CARDS Program, noting Jmprovements.
These criteria are taken directly from Jeftly & Beny [10]. A scoring mechanism of:

0. does not meet any of the requirement

I meets some of the requirement

2. meets most of the requirement, and

3w fully meets the requirement

could be applied, with equal weight given to each question. This assessment could be performed before
establishing metrics in a particular CARDS project area, and then periodically to help determine how
successful the metrics program at CARDS is.

Table 3: "Context" is the environment in which the CARDS Metrics Program is being
developed and operated.

Qaaeavn Comments

CARDS measumnt gods ve in integral put of
Are the goals of the CARDS measurement do CARDS Program. mp* 4 shows how
program congruent with the goals of the metrm as tied to CARDS Program Nad oject
CARDS Program? soals.
Are the objectives and goals for the Goals and objectives for the CARDS muree
CARDS measurement program clearly program at defined In chapter 2 of this document.
stated?

Does the CARDS measurement program ¶11. length of the payback peod will depend on
have a realistic assessment of pay-back do number and depth of process improvements
period? Identified and implemented. Metrics to help esd-

mate the start-up cot of building a remm Library
need to be established for franchises.

Does the measured staff participate in the Staff will not be measured. Staff. however, should

development of the measures? parkipate in the m,,tric, dedntion and Implemen-
_.. .... tation process and help with the analysis process.

Has a quality environment been estab- Quality is strmed throughout the CARDS Pro.
lished? vran.

Are the processes stable? Many processes such as the dmain engineering
process are sdll being defined. Processes must be
mpeatable for metrics colection and analysis to be
effective.

Can the required granularity of data to be Data granularity is determined by the metric ques-
collected be determined and is the data tions asked on a particular gal. prooess, product.
available? or aervice. Dat Is available today in Ltrary Oper-

atims. Data on other project area will becote
available as the measiment process matures.
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Table 3: "Context" is the environment in which the CARDS Metrics Program is being
developed and operated.

Quesdron Comments

Is the measurement program tailored to The metrics definition framework is desistd t te
the needs of the organization? I ilarable.

Is senior management commitment avail- Senior management has stated Its comtmnt
able? repeatedly.

Table 4: "Process" is the method used to develop, Implement, and maintain a CARDS
Metrics Program.

PQuesdon Conments
Process Motivation and Objectives

Is the program promoted through the pub- CARDS does many publications to exchang ideas
lication of success stories and encourag- on ruse. Metrs sc s stories are not yet pub.

ing exchange of ideas? lished,

Is a firm implementation plan published? This document provides the foundation for the
CARDS Metrics Plan.

Does the program assess individuals? Metric should never be used to usess individuals.

Process Responsibility and Metrics Team

Is the metrics team independent of the An indepedment metrics tem can conmeate, on
software developers? metic5 defiition 5ad help with the analysis In a

les biased manne. The metrics analysts are inde.
___ . ....... __________ pendeat of the development temn.

Are clear responsibilities assigned? Project L s am responsble for maining projet
responsibilities. Key individuals are assigned the
responsibility for the meatrc concept Implementa.
tion.

Is the initial collection of metrics sold to Staff collecting the data must know why the dxt is
the data collectors? collected. and what the data is used for. Thic will

help establish a positive attitude towards data col-
lection. Staff will participate in the metrics defini-
tion as outlined in chapter 4.

Process Data Collection . .....

Are the important initial metrics defined? Some metrics are defined through rnal agree-
wants with govweraet program representatives.

Are tools for automatic data collection Yes. Locally developed scripts am used in Library
and analysis developed? Operations. Mome needs to be done mich as the

evaluation of Amadeus and asim tools that facil-

itate collection and on-line presentation.

Is a metrics database created? Not yet. A Metrics Definition Database Is proposed
in this document. A database containing metrics
data should also be developed,
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Table 4: "Prouess" is the method used to develop, implement, and maintain a CARDS
Metrics Program.

Quesilon Comments
Is there a mechanism for changing the The Metics Ccampt Reo"pa roposes fth use of
measurement system in an orderly way? Buffll' GQM pafrdl5U1 to defin metric questions

and metrics. The Metics Plan will outiia the pro.6
ceo fcr controlldchges to software and man.
agement piaccsusebased on metrisfindings The
proposed dAtbabm will help iden*if all golds.
questions, and metrics abcted by changes to any

_________________________ of theme component$.
Is measurement integrated Into individual Io proide usofu informdatn ca process improve.

CAR~prcesesments, metrics must be part of a proces, not sepa-
CARDSprocesesrate from it. Metrics are integrate Into Library

Operadonis processes and must be integrated into
the other project aWes's processes.

Are capabilities provided for users to Measurmeant without context can he misleading
explain events and phenomena associated Mlfica must be evaluated in light of asswuptions.
with the project? constraints, and other knowledge for at ti=e picture

to emerg, The metric worksheet proposed in
Chapter 5 helps makintain pertinent Information for
each metric.

Is the data collected cleaned i.e., nral- Data is not currentl Womlzd etis collected
ized, and used promptly? In the Library Operations are ar used in PMR

pvesentation, but not otherwise. As the measure
mont proces is limplemented, data will be used to
help with process Improvemlents. bmpact assess-
meats and reomn a m~n r needed in all

_____ _____ ____ project Amua.

Do the CARDS Program Goals determ,:ine chapter 2 of(this doumn"," t;Z outlne the BAai~l
the measures? GQM paradigm. Chapter 4 shows how to die

____________________ C CARDS Progrm goals to metrics.

Process Training and Awareness
Is adequate training in metrics carried Trakinin in the purpose and use of metrics is
out? rnquired for everyone involved with the CARDS.

Progrm. Mangmewnt must make data-bauod
decisions, staff must understand the collection and
help with the analysis. and Projec Leads must
change process steps based on metrics findings.
The meamumnent plan outlined in chapters 5 and 6
shows where informal TO& asn to be used to train

_____________________anyone involved In metrics.

Does everyone know what is being mea- As metrics ame defined in each project amn&, every-
sured and why? One's help will be needed to improve the procesuss

fir better products and services. This involvement
will provide Individuals with inaigh litnto what is

_____________________being measured and why.
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Table 5: "Products" are the measures taken on CARDS products, services, and
processes, the reports produced, and other outputs of the Metrics Program.

Quesdton -- Comments
Are the measures clear and of obvious Basili's GQM paradigm ties measures to their
applicability? goals. Knowig what the question is. and which

goal it is tied to, helps to clearly define the metrics
that must be collected.

Do the measures taken provide clear bene- Only Library Operedots curently collects metrics.
fits to the management process? detrica must be defined that will Impact the mean.

____ ____ ____ ____ ____agemient proesses in all CARDS project areas.
Is feedback on results provided to those Prm sea . services, and products am masured,
being measured? not People. Those collecting metrics an a prcens,

prduct, or service must also receive the results of
the metrics analysis to understand man-gement
decisos and add analysis details ("•antext") to
the data.

Is the measurement system flevible enough Yes.
to allow for the addition of new tech-
niques?

Are measures used only for pre-defined Metrics that am not tied to goals and objectives of
objectives? the CARDS Program and procsses yield no useful

informatio
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Appendix B Interoperability

This appendix is an example that shows how information gained from the interoperability project is

used to construct a set of five matrices. The matrix numbering scheme is shown in Figure B-1.

Goal 1 1,1 1.2 1.3 1.4 1.n

Goal 2 2.1 2.2 2.3 2.4 2In

Goal 3 3.1 3.2 3.3 3A4 3.n

Goal 4 4.1 4.2 4.3 4.4 4.n

Goal n n,1 n.2 n.3 n.4 L.n

Figure B-i The Matrix Numbering Scheme

If Sub Goal I is supported by Goal I, an "X" will be placed in position 1.1. If Sub GoRl I Is also sup-
ported by Goal 3, another "X" will be placed in position 3. 1.

Some notes on the following matrices:

"* where possible, direct statements were taken from supporting documents. No effort was made to re-
fine existing metrics;

"* goals are often not explicitly stated. In that case, goal statowents were extracted.

"* the documentation [1 and 4] does not state how these goals are supported (i.e., the CARDS Program
processes). The Intersection in the following matrices shows a simple "X" where processes should be.

B.1 DoD / CARDS Goals

DoD Software Reuse Vision and Strategy (July 15, 1992):
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"."Inroperability should provide the ability to locate and share reusable [assets] across domains amd
among seovices. Utilize evolving technology to provide a network of interconqmcted reuse library sys-
tems to support capture, storage, and reuse of [assets] within and across specific domains"

CARDS Interoperability Goals (extracted).

Use LIS, the Library Interoperabity Service, to provide Interoperability services to CARDS users (by
giving them access to remote assets) and to users of cooperating libraries (by providing them access to
CARDS assets).

The DoD Goals/CARDS Goals Matrix will look as follows:

CARDaS a ._- \ Goals . !

DoDj i1 I
Goals __ _

locate, share
reusable X X
assets ___ ______

Use evolving X
technology

Figure B-2 DoD Goals/Cards Goals

All CARDS Goals are carried forward to the next matrix.

B.2 Interoperability Project Goals

Provide automated access to remote assets for CARDS users, including:

retrieve and display the abstract of a remote asset;

retrieve and display th• description of a remote asset; and

retrieve the contents of a remote asset and store them in the uscrs library.

Provide automated access to CARDS assets for users of cooperating libraries, including:

provide the abstract of the CARDS asset;

provide the description of !he CARDS asset; and

provide t!e contents of a CARDS asset.
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Collect usage and performance metrics to assess the impact of interoperation on their respective library
operations.

The CARDS/Project Goals matrix will look as follows:

Project

Go als

Interop to

CARDS users

Intarop to
ccoperatiui X
libraries

Use LIS X X
client/server

Figure B-3 CARDS Goals/Project Goals

i±',ote that "collect mtrics" is not tied directly to any CARDS goal. This goal could be restated as "im-
plement an efficient client/server mechanism" which would require metrics collection to demonstrate
efficiency. Stating the goal this way also gives a tie back to why metrics are collected.

B.3 User Goals

Assets exported from CARDS:

Service rrovided: msg..driver-motif; BB..RISM.msg.gn PRISM-MTV; PP; XSpread.

Assets imported from ASSET:

Service Provided: Ada/SQL Bindings; OPTIMIZATION AND PLANNING TOOLS; REUSABLE
IMAGE PROCESSING PACKAGES

Assets imported from DSRS:

Service Provided: Scrcen_/md_DatajManager, GenericReportHandlr, Safe-jO; StringUtilities
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The Project Goals/User Goals matrix will look like this:

User '

Project user h
auto access X X X
to remote
assets

auto access
to CARDS X X X
assets
collect usage

and
performance
metrics;

Figure B.4 Project Goals/User Goals

Projec management's goal of collecting usage and performance metrics is not reflected in any user
goal, and thus no products or services are found at these intersections. If this goal was restated as "im.
plement an efficient client/server mechanism," the intersections would show such products as TCP/IP
or US client/server. Measurements could then be collected on these products/services. For the purpose
of this discussion, all goals will be carried forward to the next matrix.

B.4 Metric question

• What is the current composition of a library's set of available extractAble assets?

* How many searches are performed at the library and how many hits result from these searches.

* How many requests are made to browse abstracts for assets in the library? What Is the efficiency of
accessing the requested abstracts?

o How many requests are made to extract an asset from the library?

The only performance metric question asked which refers back to the process steps used to access the
library Is on the "efficiency of accessing abstracts." (After discussing this with the Project Lead, this
may be a typo in the original document [CARDS04].) Additional performance questions should be
asked, Detailing the process steps will allow us to get at these additional metric questions.
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The Metric Goals/Metric Questions matrix will look like this:

Quest. :
User .
Pr Odu
Goal -40. -

usage and
performanc XXXX
metrics X X X X X

Interop to X X
CARDS

Interop to X X
coop. Libs

exported by
CARDS X X X
imported X

from ASSET X X

imported X X X
from DSRS -

Figure B-5 Metric Goals/Metric Questions

B.5 Metrics

for available assets:

number of local extractable assets

number of remote extractable assets (from each library)

total number of extractable assets

for searches:

total number of searches

number of non-null searches

number of null searches

number of local hits
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number of remote hits

for abstract requests:

number of local abstract request

number of remote abstract requests (from each library)

number of failures

average, min, ad max abstract transfer times

average, min and max abstract size

for asset requests:

number of local asset requests

number of remote asset requests (from each library)

number of failures

avg. mlin, and max asset rasfr times

avg, min, and max asset size
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For readability, the Metric Question/Metrics matrix has been rotated to list the metrics on the vertical
axis:

Metric

sastion: U
lwihi ll

X
local asets

remote X
"saets

total# X
of "sets

#of X
searches

# of non- X
null search.
# of null
searches
# of local
hits X

# of remote X
hits
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Metrics Question/Metrics matrix, cont'd:

i0 Of_ INC1#oflooa

abstract

#of remote X
abstract X
recuesta..
# of x X
failures

avs/min/ xmax xfer
rate
avgm1W x
max fer
# of local
"asset

muesa 

. .

* of remote x
asset -

reouest -

# of
failurel-
avw/mu/
max Asset
xfer times

Avg/min/
max asset
size

Figure B-6 Metric Question/Metric

Note that several metrics are collected that have no corresponding metric questions. This matrix indi-
cates which set of metrics are needed to answer a particular question. It also shows that other questions
could be answered, such as "what is the percentage of failures", or "Is the trend to access assets Increas-
ing over time?"
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